Synthesis of ionic liquids
Ionic liquids were synthesized from imidazole and allyl chloride (or chloroethanol), and their chemical structures were confirmed by FTIR and 1 HNMR. Typical procedure is: into a round bottom flask, imidazole materials and allyl chloride (or chloroethanol) were added. The reaction was conducted under refluxing for 8-48 h. After reaction, the mixture was extracted with ether for several times to remove the residual imidazole. The ionic liquids can be obtained after being dried at 80°C (vacuum: 0.08MPa) for 24h (yield: >90%). The chemical structures of the ionic liquids were shown in Scheme 1. 
2.3
The pretreatment of wood powder 2.3.1 Extraction of wood powder with benzene and ethanol Wood powder with particle size at 0.2mm was extracted with a mixture of benzene/ethanol (volume ratio: 1/1) using soxhlet extractor [27] . Then, the powder was dried at 70°C (vacuum: 0.04MPa) for 12h in Vacuum drying oven.
Treatment of wood powder with 25% NaOH
Wood powder with particle size at 0.2mm was treated with 25% NaOH solution in air for 2h. Alternative conditions are: microwave treatment for 5min at 60°C (360w), or treated MCC in 25% NaOH solution (40mL) at 140°C for 2h in an airtight high pressure pot (60mL), which was placed in Electronic constant temperature oven. The mixture was filtered, neutralized and washed with water several times. Then the fir powder was dried at 70°C (0.04 MPa) for 12h in Vacuum drying oven.
Dissolution of fir powder by microwave heating
Into a flask, ionic liquid and pretreated fir powder (W 0 ) above (weight ratio: 25:1) were introduced. The flask was placed in microwave oven (NJL 07-3) and heated at 90°C (400w) for 1h with stirring. The parallel experiment was copied. One of them was shifted to polymerization tube for future use. The other mixture was allowed to cool to room temperature followed by the centrifuge separation (2500r/min, 5min). The finial fir powder was dried at 70°C (0.04Mpa) for 12h in order to calculate dissolution rate [11] .
2.5 Synthesis and purification of AM-g-Wood 2.5.1 Synthesis of AM-g-Wood Into a polymerization tube which was placed in water bath at 45°C, the mixture of fir powder/ionic liquid treated by microwave was added. Then air was purged out by N 2 stream before the introduction of initiator K 2 S 2 O 8 (I/M: 1/1000). AM was added dropwise into the mixture, and the dropping rate was controlled to avoid the homo-polymerization. The polymerization was stopped after 3h, and aged for 24h before purification.
Purification of AM-g-Wood
Typical purification procedure of AM-g-Wood is: the copolymer was washed over ethanol several times to remove the ionic liquid and residual monomer, followed by drying at 60°C under vacuum (0.08 MPa) for 24h. Then, the raw product (W 1 ) was extracted with acetone for 48h using soxhlet extractor to give the refined product, whose mass was W 2 after being dried under the same conditions above. The effect of graft reaction was evaluated by grafting degree (D) and grafting efficiency (E) which can be calculated by the following formulas: The peak around 3400cm -1 is stretching vibration of O-H in hydrogen bonding. The peak originally ascribe to the absorption of lignocelluloses weakened which suggested the breaking of hydrogen bonding in the wood system after extraction and NaOH treatments, and this peak shifted to high wave number by the greatest degree and the waveform was the most narrow after high pressure treatment (Fig.1) , which indicated the hydrogen bonding of sample 5 was broken most seriously. Similarly, the shrinkage of peak around 1730cm -1 indicated that certain amount of fatty acids and acetyl groups or uronic acids of the hemicelluloses have been removed partly by the extraction, and this peak disappeared after NaOH treatment which suggested that the hemicelluloses of wood was degraded and the fatty acids, uronic acids and acetyl groups, etc, were completely dissolved by NaOH solution. However, absorption peaks of wood powder mainly around 1500cm -1 , 1268cm -1 , 1060cm -1 remained unchanged after extraction and NaOH treatments under different conditions [28, 29] . Followed by the change of wave forms and analysis above, the preliminary conclusion could be reached that it is easier to dissolve fir powder treated with 25% NaOH under high pressure.
Crystallinity and dissolution rate of the pretreated fir powder
Crystallinity of fir powder treated under different technologic conditions were measured by Turley method, which scanned and counted in rule times at diffraction angles of 5°, 18.6°,22.6° and 40°, then wrote down the diffraction peak intensity respectively and calculating the crystallinity. (1-Original wood; 2-Extracted by benzene/ethanol; 3-Treated with 25% NaOH (mass fraction) at normal temperature and pressure; 4-Treated with 25% NaOH by microwave heating; 5-Treated with 25% NaOH in high pressure pot) Crystallinity of fir powder, which extracted by mixture of benzene/ethanol (the extract content was 6.1%), had little change while the dissolution rate increased (in Table 1 ). This is because some impurity and small molecule fattiness of wood powder were extracted by the mixture. When the fir powder was pretreated with 25% NaOH, the crystallinity of sample 5 was decreased and the dissolution rate was increased, especially under high pressure condition, the crystallinity decreased from 61.0% to 2.4%, while the dissolution rate increased from 6.2% to 18.3%. There were two reasons for the result: on the one hand, alkali had a certain effect on decreasing crystallinity and degrading hemicellulose of wood; on the other hand, higher temperature and pressure were helpful to destroy the crystal form of fir powder, causing the crystallinity to decrease and dissolution rate to increase. High pressure method, therefore, was used as the best pretreatment method for wood powder.
Solubility of different ionic liquids
Fir powder pretreated with 25% NaOH under high pressure (Sample 5 in Table 1 ) was dissolved in different ionic liquids by microwave heating, and the results were shown in Fig.2 .
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Due to the presence of hydroxyl and alkene groups in the side chains which contribute to the destroy of hydrogen bond, the solubility of fir powder using [HeVIM]Cl was the highest (Fig.2) (Fig.2) . However, solubility of ionic liquids with shorter side chains ([AMIM]Cl) was better than that of [AEIM]Cl , which is ascribe to the reduced efficient chloride concentration [6] . Ionic liquid of [BMIM]Cl, whose side chain was of the longest alkyl groups, therefore, had the worst solubility.
[HeEIM]Cl was used as radium of the following graft copolymerizations instead of [HeVIM]Cl, which had the best solubility, but it was more difficult to be purified.
Effect of reaction medium on graft copolymerization
AM was polymerized with fir powder (Sample 5 in Table 5 ) at 45 °C using aqueous and [HeEIM]Cl medium respectively. The results were shown in Fig.3 . Graft copolymer of AM-g-Wood could be prepared much more easily in [HeEIM]Cl than in aqueous system (Fig.3) . Similarly, grafting degree (D) and grafting efficiency (E) of AM-gWood prepared in [HeEIM]Cl were much higher than that in aqueous medium. This is because fir powder can be dissolved in ionic liquid before copolymerization which resulted in the breaking of hydrogen bond and enhancing the reactivity of the powder. In Fig.3 , grafting degree and grafting efficiency increased very fast during the beginning of the reaction (≤1h), and became stable in aqueous medium, while increased slowly in [HeEIM]Cl thereafter. This phenomenon can be explained by the typical conventional free radical polymerization mechanism: In the first stage, a great number of free radicals were formed and the reaction was very quick. With the reaction went on, propagation slowed down due to the loss of radicals during the process. The best condition for graft copolymerization, therefore, was used [HeEIM]Cl as the reaction medium with the reaction time of 1h at least.
Orthogonal test
To optimize the technical conditions, orthogonal test was designed based on three factors and levels ( The data in Table 3 showed that factors A, B and C had different effect on grafting degree and grafting efficiency of the synthesized products. The affecting order on grafting degree was A>B>C, while on grafting efficiency was C>A>B. The best comprehensive effects came from A 2 B 2 C 2 sample, which means that the mass ratio of AM was 25%, fluid ratio of [HeEIM]Cl to fir powder was 30:1, and mass proportion of wood to AM was 1:4.
Chemical structures of original wood and AM-g-Wood
Chemical structures of original wood powder and its graft copolymer of AM-g-Wood, which were prepared in [HeEIM]Cl using the best conditions according to the results of orthogonal test, were confirmed using FTIR. The results were shown in Fig.4 . For curve A of Fig.4 , peak around 1735cm -1 was the stretching vibration of C=O in fatty molecules and acetyl groups or uronic acids of the hemicelluloses of original wood powder, peak around 1638cm -1 was characteristic vibration of conjugated carbonyl in lignin of wood powder, and peaks around 1509cm -1 , 1160cm -1 , and 1058cm -1 were typical absorption of aromatic skeletal vibration, phenol-ether group and aliphatic ether vibration in lignin of wood, peak around 1268cm -1 was the stretching vibration of C-O-C in celluloses and hemicelluloses [28] [29] [30] . For curve B, the peak around 1735cm -1 disappeared after grafted, which suggested that fatty molecules and hemicelluloses have been dissolved by ionic liquids. The new stronger peak in 1671cm -1 came from the typical stretching vibration of -CONH 2 . There were still existence of peaks around 1160cm -1 and 1058cm -1 after grafted polymerization which came from the wood. The wave form of peak around 1268cm -1 became unnoticeable after grafted, which suggested that the content of cellulose in the wood was decreased. These analysis strongly suggested that AM has been grafted onto the fir powder.
Synthesis of Ionic
Liquids, Solubility for Wood and Its Application for Graft Copolymer with
Crystal form of original wood and AM-g-Wood
Crystal forms of original wood powder and its graft copolymer of AM-g-Wood were measured by X-ray diffractometer and the results were shown in Fig.5 . In Fig 5, diffraction peaks appeared at angles of 16.6°, 22.1°, and 34.8° which demonstrate that original wood powder have the same diffraction results as wood fiber. Crystallinity of the original wood powder was 61% based on the Segal formula calculation [31] . The diffraction peaks from wood powder disappeared after grafted polymerization and the crystal area were completely converted into amorphous region, which suggested that the ordered crystal structures have been destroyed. The change of the crystal type also suggested the graft copolymerization occurred between wood powder and acrylamide (Fig 5) . As shown in Fig. 6 , there were two steps for thermal decomposition of original wood: The first one was from 34°C to 175°C, which indicated that wood lost water in this range and the weight loss rate was around 9.5%; The second step was from 175°C to 794°C, responding to the thermal decomposition of wood and the weight loss rate was 66.2%. Actually, the original fir powder began to decompose and the chains of macromolecules were broken at 175°C. The temperature at 326°C refers to the largest weight loss rate. The residual weight rate was 24.4% after the temperature reached 800°C. However, the thermal decomposition of the graft copolymer AM-g-Wood had three steps: The first step was from 38°C to 189°C, indicating the lost of water from copolymer with weight loss rate around 10.3%. The second step was from 190°C to 343°C, suggesting the weight loss (43.5%) resulted from imino reactions between amide groups of the PAM in the copolymer. The third step was from 343°C to 800°C with weight loss of 28.4%, and this is because the graft chains of PAM were broken during this temperature range. The final residual weight rate was 17.8% after the temperature reached 800°C. As such, the initial thermal decomposition temperature of the grafted wood was 343°C which was much higher than that of the original wood (175°C). Meanwhile, the temperature of the maximum weight loss rate for the grafted wood was 398°C, which was also higher than original wood (326°C). These results demonstrated that AM has been successfully grafted onto fir powder and the thermal stability of the wood after copolymerization was greatly improved. 
Morphology of wood and AM-g-Wood
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Microstructure of the wood powder before dissolved in [HeEIM]Cl was shown in A (Fig.7) which was loose and porous, while looser structure and bigger porous were found in B for wood after dissolved in [HeEIM]Cl. However, the loose and porous structures completely disappeared after polymerization (C) and it was difficult to detect fibril, which is very different from A and B. This difference should be ascribe to the existence of AM-g-wood structure which was synthesized from the graft copolymerization of AM and wood. Followed by the changes of wood appearance, therefore, a graft copolymerization occurred between fir powder and AM, and grafted copolymer of AM-g-Wood should be prepared more easily with wood residue as its looser structure and bigger porous.
Conclusions
Various ionic liquids with different functional groups of imidazole side chains have been synthesized, and their solubility for fir powder has been discussed. AM-g-Wood was synthesized in [HeEIM]Cl with K 2 S 2 O 8 as initiator and the conditions of graft copolymerization were optimized by orthogonal test. The specific conclusions were listed as follows:
1. The structures of synthesized ionic liquids have been confirmed by FT-IR and 1 HNMR. It was suggested that the nature of side groups greatly affected the solubility of the ionic liquids. The ionic liquid of [HeVIM]Cl which contains hydroxyl and alkene groups in imidazole side chains was the best solvent for fir powder, but it was difficult to be purified. 2. The fir powder which has been pretreated with 25% NaOH solution under high pressure has the lowest crystallinity and the highest dissolution rate. 3. AM-g-Wood could be prepared readily in [HeEIM]Cl. Compared to aqueous medium, AM-g-Wood prepared in [HeEIM]Cl had advantages such as much better grafting degree and grafting efficiency, higher yields and so on. 4. Orthogonal test suggested that the best conditions for graft copolymerization were: mass fraction of AM was 25%, fluid ratio of [HeEIM]Cl to wood was 30:1, and mass proportion of wood to AM was 1:4. 5. Results of FT-IR and SEM demonstrated that AM has been successfully grafted onto the wood powder. The crystal structure of the wood has been completely destroyed after graft copolymerization, and the thermal stability has been greatly improved. 
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